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Abstract: The Department of Defense (DOD) has a unique opportunity
to be a leader in bridging the gap between research and development
(R&D) and commercial clean energy technologies. Faced with the
inextricable linkage between energy, security, environment, and
economics, the DOD is positioned to play an important role in the
demonstration of new and emerging clean energy technologies, and also to
become early first adopters of the technologies. Military installations are
“living laboratories”; they offer a controlled and safe environment to
demonstrate emerging technologies and to provide a critical feedback loop
between the end-users and technology providers. This work reviewed
Federal energy policy, explored the role of R&D in meeting DOD needs
with regard to energy issues, defined measures of “Technology Readiness
and Commercialization, outlined the role of installations as “living
laboratories,” and provided several case studies of energy-related studies
done at Army installations.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. Citation
of trade names does not constitute an official endorsement or approval of the use of such commercial products. All product
names and trademarks cited are the property of their respective owners. The findings of this report are not to be construed as
an official Department of the Army position unless so designated by other authorized documents.

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR.
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Executive Summary

The rising cost of energy, diminishing access to fossil fuel resources, de-
pendence on foreign oil, and increased greenhouse gas emissions all pose a
threat to national security, the economy, and the environment. As a result,
the U.S. government is taking steps to find innovative solutions to these
problems while implementing low cost, commercial technologies to ad-
dress near term challenges. To supplement this renewed emphasis on gov-
ernment research and development (R&D) and increase in government
R&D investment, there is a need for greater coordination among Federal
agencies, and demonstrations and significant first buys by the government
to “jump start” key markets. R&D is vital to the discovery of innovative so-
lutions. The U.S. government, particularly the U.S. Department of Defense
(DOD), is uniquely positioned to lead this effort. As the single largest Fed-
eral user of energy, the DOD is especially sensitive to the increasing securi-
ty risks associated with a vulnerable electrical grid and dependence on for-
eign oil.

The DOD has a unique opportunity to lead in bridging the gap between
clean energy R&D and the resulting commercial technologies. Faced with
the inextricable linkage between energy, security, environment, and eco-
nomics, the DOD is positioned to play an important role not only in de-
monstrating new and emerging clean energy technologies, but also in be-
coming early first adopters of the technologies. Military installations offer
a controlled and safe environment for demonstrating emerging technolo-
gies and providing the critical feedback loop between the end-users and
technology providers.

Military installations are often overwhelmed by requirements to meet
Federal energy goals outlined in law, Executive Orders, and DOD direc-
tives with limited funding and existing commercial technologies that may
or may not be competitive with conventional energy sources. However,
identifying and establishing a select number of installations as “living la-
boratories” will allow R&D to be demonstrated and accelerate the com-
mercialization of these technologies.

The idea of using military installations as demonstration test-beds is not
new, but can be expanded, coordinated, and streamlined to ensure the
greatest return. Using military installations as “living laboratories” offers a
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safe and controlled environment to demonstrate and gain critical feedback
on new technologies, and a streamlined and efficient process to insert
emerging technologies. Often the initial steps (navigating the various in-
stallation processes and overlapping chains of command) are most diffi-
cult part of conducting a demonstration. There would be no need to repeat
cumbersome initial steps at an established “living laboratory” installation,
so the process could more systematically focus efforts on the technology
demonstration itself. Installations would be fully aware of the difference
between commercial and R&D technologies, and would be involved in eva-
luating the technologies on a case-by-case basis to establish “Technology
Readiness Levels” (by using, for example, the sample “Technology As-
sessment Form” included in Appendix A to this report).

Establishing military installations as “living laboratories” would enable the
DOD to bridge the gap between clean energy R&D and the resulting com-
mercialized technologies by supporting technology demonstrations and by
increasing the number of installations that may become early first adop-
ters of these technologies. These two roles are inherently governmental.
The government is far more capable than many commercial technology
providers of making the initial investment in clean energy R&D, and as a
result can play a critical role in accelerating clean energy technologies to
the commercial market place.
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1

Introduction

Background

The impacts of current high levels of energy consumption (rising energy
costs, dependence on foreign oil, and greenhouse gas emissions from fossil
fuels) are national and global concerns. As conventional energy resources
become more limited and difficult to access, energy prices will increase
and world economics will be affected. The resulting shift in global econom-
ics between energy “haves” and “have nots” will likely lead to greater polit-
ical instability as countries vie for positions of power and control over fi-
nite resources.

Declining energy security necessarily affects national security. The conti-
nental United States depends on an aging electrical grid and on imported
oil. In theatre, the U.S. Department of Defense (DOD) has a growing de-
mand for fuel (to support aircraft, ground vehicles and generators) that is
costly to purchase and dangerous for U.S. soldiers to protect and deliver.
These circumstances combine to significantly impact U.S. national security
and the overall U.S. economy. President Obama’s February 2009 Address
to a Joint Session of Congress, contained a poignant statement that the
country that harnesses the power of clean, renewable energy will lead the
21stcentury:

We know the country that harnesses the power of clean, renewable energy will lead
the 21st century ... but to truly transform our economy, protect our security, and
save our planet from the ravages of climate change, we need to ultimately make
clean, renewable energy the profitable kind of energy. —President Obama (2009)

This connection between energy, climate, and security was echoed by Gen-
eral Gordon R. Sullivan, USA (Ret.), former Chief of Staff, U.S. Army; for-
mer Chairman of the CNA Military Assessment Board. In a May 2009 CNA
Report, Powering America’s Defense: Energy and the Risks to National
Security (Goodman 2009), General Sullivan stated:

Energy, security, economics, climate change—these things are connected ... And
the solutions will need to be connected. It will take the industrialized nations of the
world to band together to demonstrate leadership and a willingness to change ...
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And here, I'd say the U.S. has the responsibility to lead. If we don’t make changes,
then others won't.

General Sullivan also responded to the hesitation by some to gather more
concrete data on climate change before responding in the context of his
military training:

Military professionals are accustomed to making decisions during times of uncer-
tainty. We were trained to make decisions in situations defined by ambiguous in-
formation and little concrete knowledge of the enemy intent even if we do not have
complete information; you still need to take action. Waiting for 100 percent cer-
tainty during a crisis can be disastrous.

Underlying these statements is a call for an even greater commitment to
clean energy Research and Development (R&D). There is a need for im-
mediate “game changing” technologies that position clean energy as the
environmentally and economically sound choice. R&D is the pathway to
discovering these “game changing” technologies that will increase efficien-
cy and reduce costs. As a result, the Federal government will need to play
an even greater role in this area, by making larger investments in R&D, by
providing demonstration sites, and/or by becoming early first adopters of
promising new technologies.

Existing energy policy has set aggressive energy goals for Federal agencies.
Legislation currently making its way through Congress indicates that
energy will receive even greater attention in the years to come. Aggressive
goals to reduce energy consumption will be coupled with goals that em-
phasize the reduction of greenhouse gas emissions. The linkage between
energy and the environment promises to become even more pronounced.
However, the transition from conventional energy to technologies that
produce clean energy and that reduce greenhouse gas emissions will not
be easy. The success or failure of new clean energy technologies depends
largely on whether clean energy technologies can compete economically
with conventional energy, or if the costs of conventional energy will be al-
lowed to rise to a level that makes the cost of clean energy relatively com-
petitive. A strong R&D focus is necessary to successfully effect cost-
effective clean energy solutions.
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Figure 1. DOD energy use FYOS8.

The Role of DOD

The DOD, which is the nation’s single largest energy user, maintains 536
installations, 545,714 facilities, and 29.8 million acres of land, and con-
sumed 889 trillion BTU in fiscal year 2008 (FY08) at a cost of and $20 bil-
lion (Figure 1). The magnitude of these numbers highlights the unique role
DOD can play in implementing and accelerating clean energy technologies.

To accomplish its mission, the DOD needs energy that is reliable, secure,
clean, and affordable. To this end, DOD has begun to diversify its energy
resources while conserving and managing its existing energy more effec-
tively. In fact, the Defense Science Board has made a recommendation that
would require all DOD installations to meet a “Net Zero Energy” standard
by 2025 (i.e., each installation would produce as much or more energy
than it consumes).

Although DOD is actively pursuing and implementing commercial-off-the-
shelf, clean energy technologies, there is an overwhelming need to contin-
ue R&D in combination with systems integration. The DOD is in a unique
position to assist by providing basic and applied research, and also dem-
onstration sites for pre-commercial energy technologies. Installations pro-
vide a safe, secure location and knowledgeable workforce to conduct dem-
onstrations. Private companies benefit from this arrangement by receiving
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first hand feedback from potential customers, real-world evaluation in a
relevant environment, and the credibility of having demonstrated a tech-
nology with a government customer.

This work expands the definition of the role of DOD R&D as it relates to
clean energy and how DOD can help bridge the gap between R&D and
commercialization. This work was undertaken to address technology op-
portunities at fixed installations and to explore the role DOD R&D can
play in commercialization and the importance of receiving real-world
feedback on new technologies that meet both commercial and unique mili-
tary needs. This work also addresses how demonstrations on fixed installa-
tions can assist in more rapid deployment of new technologies to theatre,
and discusses how “living laboratories” can complement the concept of a
“train as we fight” approach on fixed installations to ensure that soldiers
become familiar with new energy technologies before encountering them
in theatre.

Objectives

The objectives of this stage of work were to:

1. Provide a brief overview of the Technology Readiness Levels

2. Present a method to determine if a technology is “commercial” or “R&D”

3. Make recommendations on how to create “Living Laboratories” on instal-
lations to demonstrate clean energy R&D.

Approach

This concept report addresses the following issues:

1. Areview of Federal energy policy (Chapter 2)

2. The role of R&D in meeting DOD needs, specifically with regard to energy
issues (Chapter 3)

3. Measures of “Technology Readiness” (Chapter 4)

Commercialization of technologies (Chapter 5)

5. Therole of installations as “living laboratories” (Chapter 6).

e

Chapter 8 includes several case studies of energy-related studies done at
Army installations.
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Scope

Although this report focuses on U.S. Army installations, it should be noted
that the DOD has an extensive organization of tri-service (Army, Navy,
and Air Force) R&D laboratories with diverse research focus areas. Leve-
raging the combined expertise and resources of these organizations along
a common vision may increase the pace of successful integration across
the services.

Mode of technology transfer

This report will be made accessible through the World Wide Web (WWW)
at URL.: http://www.cecer.army.mil
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2 Federal Energy Policy

Overview

Federal energy policy has been evolving and expanding for years (Figure
2). Attempting to reconcile the goals and objectives of the entire body of
Federal policy can be a large task. Achieving practical, near-term energy
goals is most effectively completed by implementing “commercial-off-the-
shelf” technologies that have a reasonable payback period (less than 10
years). However, as goals become more aggressive, it is important to con-
tinue the R&D of new energy technologies that will offer increased effi-
ciency and lower costs.

Four principal Federal Energy Policies are currently in effect:

1. Energy Policy Act of 2005 (EPACT 2005)

2. Energy Independence and Security Act of 2007 (EISA 2007)
3. Executive Order 13423

4. Executive Order 13514.

Each policy sets goals for reduced dependence on fossil fuel, reduced ener-
gy consumption, reduced greenhouse gas emissions, increased energy effi-
ciency, increased use of renewable energy, and increased use of alternative
transportation fuels. Table 1 lists these policy goals.
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Figure 2. Key energy directives.

Table 1. Energy directives for fixed installations.

Directive Topic Energy Performance Target Source
Installations energy use Reduce by 3% per year from FYO8-FY15 ending in |[E013423
a 30% reduction in energy intensity by 2015 from |E|SA 2007
2003 baseline.
Electricity consumption from renewable |Must be 3% in FY09, 5% in FY 10-FY12, and 7.5% |EPAct 2005
sources in FY12 and beyond
Electricity consumption from domestic  |A voluntary “sense of congress” goal to provide EISA 2007
renewable sources 25% by 2025
Non-tactical vehicle (NTV) fuel consump- |Reduce 2% annually through 2015, 20% total by |EO013423
tion 2015 using a 2005 baseline
Fossil fuel use in new/renovated build- |Reduce 55% by 2010; 100% by 2030 relative to | EISA 2007
ings 2003 level
Hot water in new/renovated buildings At least 30% of hot water demand in new or sub- |EISA 2007
from solar power stantially modified Federal buildings must be met
using solar hot water heating by 2015, if life-cycle
cost effective.
Non-petroleum fueled vehicles use Increase by 10% annually until 100% of fleet is EO013423
(ethanol, natural gas) fueled by non-petroleum-based fuel
Energy metering for improved energy Meter electricity by Oct 2012 and meter gas & EPAct 2005
management steam by Oct 2016 EISA 2007

Federal energy policy has historically applied to the Department of De-
fense at the fixed installation level, with deployed operations exempted
from the requirements. However, attention was placed on energy in the
battlefield when, then Major General Rick Zilmer, commander of the dep-
loyed Marine forces in Al-Anbar Province Irag, sent a communication
from the field stating that “reducing the military’s dependence on fuel for
power generation could reduce the number of road-bound convoys ...
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without this solution [renewable energy systems], personnel loss rates are
likely to continue at their current rate” (Shaffer 2009).

Major General Zilmer suggested in strong terms the military R&D activi-
ties needed to accelerate readiness of alternative energy adoption to re-
duce petroleum consumption. As a result of this communication, the DOD
recognized the importance of energy in theatre and began to investigate
ways to implement near term energy reduction measures while looking
towards the implementation of renewable energy resources to help sup-
port growing energy needs.

More Fight-Less Fuel

A Report of the Defense Science Board on Department of Defense Energy
Strategy, More Fight-Less Fuel (DSB 2008) identified two primary energy
challenges within DOD:

1. Unnecessarily high and growing battle-space fuel demand that:
a. Compromises operational capability and mission success
b. Requires an excessive support force structure at the expense of opera-
tional forces
c. Creates more risk for support operations than necessary
d. Increases life-cycle operations and support costs.

2. Almost complete dependence of military installations on a fragile and vul-
nerable commercial power grid and other critical national infrastructure,
[which] places critical military and Homeland defense missions at an un-
acceptably high risk of extended disruption.

The articulation of these two energy challenges recognizes the importance
of energy both at fixed installations and in theatre. The report goes on to
suggest five recommendations to address these energy challenges:

1. Accelerate efforts to implement energy efficiency Key Performance Para-
meters (KPPs) and use the Fully Burdened Cost of Fuel (FBCF), to inform
all acquisition trades and analyses about their energy consequences, as
recommended by the 2001 Task Force.

2. Reduce the risk to critical missions at fixed installations from loss of com-
mercial power and other critical national infrastructure.

3. Establish a Department-wide strategic plan that establishes measurable
goals, achieves the business process changes recommended by the 2001
DSB report and establishes clear responsibility and accountability.
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4. Invest in energy efficient and alternative energy technologies to a level
commensurate with their operational and financial value.

5. ldentify and exploit near-term opportunities to reduce energy use through
policies and incentives that change operational procedures.

Army Energy Strategy and Campaign Plan

From an Army fixed installation perspective, primary guidance comes
from the Army Energy Strategy and Campaign Plan, which lays out five
major initiatives:

Eliminate energy waste in existing facilities

Increase energy efficiency in renovation and new construction
Reduce dependence on fossil fuels

Conserve water resources

Improve energy security.

o s b=

Army Energy Security Implementation Strategy

The Army Energy Security Implementation Strategy (Army Senior Ener-
gy Council 2009) includes the following Vision, Mission, and Goals.

Vision

An effective and innovative Army energy posture that enhances and en-
sures mission success and quality of life for the Soldiers, Civilians, and
their Families through Leadership, Partnership, and Ownership, and that
also serves as a model for the nation.

Mission

Make energy a consideration for all Army activities to reduce demand, in-
crease efficiency, seek alternative sources, and create a culture of energy
accountability while sustaining or enhancing operational capabilities.

Goals

Reduced energy consumption

Increased energy efficiency across platforms and facilities
Increased use of renewable/alternative energy

Assured access to sufficient energy supplies

Reduced adverse impacts on the environment.

ok wnhE
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Achieving these aggressive goals has been challenging, as most Federal

agencies must rely on existing Operations and Maintenance (O&M) budg-

ets or third party financing. Meeting existing energy goals and striving to

achieve future goals calls for a two pronged approach:

1. Implementation of commercial-off-the-shelf technologies with payback
periods of less than 10 years to achieve near term goals

2. Continued and coordinated R&D to increase efficiency and reduce costs of
clean energy technologies.

Energy policy will continue to evolve over the next 4 years. Congress is
currently considering energy and greenhouse gas emission legislation. In
addition, Executive Order 13514 (signed on 05 October 2009) extends Ex-
ecutive Order 13423 by expanding energy reduction and by making envi-
ronmental greenhouse gases a priority. Most notably, the new Executive
Order directs a 30 percent reduction in petroleum consumption by 2020,
reducing potable water consumption intensity by 26 percent by the end of
2020 and directing that all Federal buildings be designed, beginning in
2020, to achieve net-zero energy by 2030 (Table 2).



Table 2. Energy goals/targets from the crosswalk of sustainability goals and targets in Executive Orders and statutes.

Goal / Target

EO 13423

EO 13514

Existing Statute

Building Energy

Reduce building energy intensity 3%
annually through FY 2015, or 30%
total reduction by FY 2015 (baseline
FY 2003). [§2(a)]

Reduce energy intensity in buildings to achieve GHG
reductions. [§2(a)(i)]

[EISA 8431]: Reduce building energy intensity 3% annually through 2015, or
30% total reduction by 2015 (baseline 2003).

Renewable Energy
Consumption

Ensure that 50% of statutorily re-
quired renewables comes from
"new" (as of 1999) sources. [§2(b)]

Increase use of renewable energy. [§2(a)(ii)]

[EPAct 2005 §203]: Defines “renewable energy.”

[EPAct 2005 §203]: Increase renewables 3% in FY2007-2009;
Increasing to 5% in FY 2010-2012.

Increasing to 7.5% in FY 2013 and beyond.

[EISA 8523]: 30% of hot water demand in new Federal buildings and major re-
novations must be met with solar hot water if life-cycle cost effective.

Fleet Petroleum
Use

Reduce by 2% vehicle petroleum
annually through FY2015 (baseline
FY2005). [§2(g)]

Achieve 10% increase in non-
petroleum fuel consumption annual-
ly (baseline FY2005). [§2(g)]

Use plug-in hybrids when PIH are
commercially available at a life-cycle
cost reasonably comparable to non-
PIH vehicles. [§2(g)]

Reduce fleet's consumption of petroleum products 2%
annually through end of FY 2020 (baseline FY 2005).
[§2(a)(iii)(C)]

Use low-GHG-emitting vehicles. [§2(a)(iii)(A)]

Optimize number of vehicles in fleet. [§2(a)(iii)(B)]

[EISA §142]: Reduce vehicle petroleum reduction 20% by FY 2015 (baseline
FY2005).

[EISA §142]: Achieve 10% increase in non-petroleum fuel use annually by 2015
(baseline 2005).

[EISA §246]: Install at least one renewable fuel pump at each Federal fleet fuel-
ing center by 2010.

[EISA §141]: Federal agencies are prohibited from acquiring any light-duty motor
vehicle or medium-duty passenger vehicle that is not a “low greenhouse gas
emitting vehicle.” Alternatively, an agency may demonstrate that it has adopted
cost-effective policies to reduce petroleum consumption to achieve a compara-
ble reduction in GHGs.

[EPAct 2005 §701]: Dual-fueled vehicles to be operated on alternative fuel un-
less waivered.

Renewable Energy
Generation

Implement new renewable energy
generation projects on agency
property for agency use. [§2(b)]

Implement renewable energy generation projects on
agency property. [§2(a)(ii)]

[EPAct 2005 §203]: Double count renewable energy produced on Federal or
Indian lands and used on-site at Federal facilities.

Energy Efficiency in
New Construction
and Major Renova-
tions

Achieve by 2030 zero-net-energy in buildings entering
the planning process after 2020. [§2(g)(i)]

[EPAct 2005 §109]: Achieve energy performance 30% beyond ASHRAE 90.1-
2004.

[EISA 8433]: New Federal buildings and Federal buildings undergoing major
renovations shall reduce their fossil fuel-generated energy consumption (base-
line 2003) by 55% (2010), 65% (2015), 80% (20202), 90% (2025), and 100%
(2030).

€T-0T-Y1 1430/00ay3

1T



Goal / Target EO 13423 EO 13514

Existing Statute

High Performance |Ensure all new agency construction |Ensure all new construction, major renovation, or repair
Sustainable Build- |and renovation complies with the and alteration complies with the Guiding Principles.
ings Guiding Principles. [§2(f)] [82(g)(ii)]

Ensure 15% of existing Federal Ensure 15% of existing facilities and building leases
building inventory incorporate the (above 5,000 gross square feet) meet the Guiding
Guiding Principles by 2015. [§2(f)] | Principles by FY 2015. [§2(g)(iii)]

Make annual progress towards 100% conformance
with the Guiding Principles. [§2(g)(iii)]

[EISA 8433]: Requires sustainable design principles be applied to the siting,
design, and construction of buildings subject to the standards.

[EISA 8434]: Ensure major replacements of installed equipment, renovation, or
expansion of existing space employ the most energy-efficient designs, systems,
equipment, and controls life-cycle cost effective.

[EISA 8435]: As of December 19, 2010, Federal agencies are prohibited from
leasing buildings that have not earned the ENERGY STAR label (some exemp-
tions apply).

[EPAct 2005 §109]: Includes application of sustainable design principles for new
buildings.

Advanced Metering
and Measurement

[EPAct 2005 §103]: Federal buildings must be metered by October 1, 2012 with
data provided at least daily and electricity consumption measured hourly.

[EISA 8432]: Identify “covered facilities” constituting at least 75% of the agency’s
facility energy use. Each covered facility must have an energy manager desig-
nated and meet additional requirements. Energy and water evaluations must be
completed every 4 years for each facility. Facility energy managers are also
responsible for commissioning equipment and establishing O&M plans for mea-
suring, verifying, and reporting energy and water savings.

[EISA 8434(b)]: By October 16, 2016, each agency shall provide for equivalent
metering of natural gas and steam.

Green Roofs Minimize consumption of energy, water, and materials
through cost-effective, innovative strategies, such as
highly reflective and vegetated roofs. [§2(g)(iv)]

Building Portfolio Manage existing building systems to reduce consump-
Management tion of energy, water, and materials. [§2(g)(V)]

Identify alternatives to renovation that reduce existing
assets’ deferred maintenance costs. [§2(g)(v)]

Identify opportunities to consolidate and dispose of
existing assets, optimize real property portfolio perfor-
mance, and reduce environmental impacts. [§2(g)(vi)]

Source: DOE Office of Environmental Policy and Assistance sustainability crosswalk.

€T-0T-Y1 1430/00ay3

cT



ERDC/CERL TR-10-13

3 Research and Development

Why is R&D important?

R&D is critical to the discovery of innovative solutions to problems that
face our nation.

While providing testimony to the U.S. House of Representatives’ Commit-
tee on Energy Independence and Global Warming, Daniel Kammen, Direc-
tor of the Renewable and Appropriate Energy Laboratory at the University
of California at Berkley, was asked why R&D investment matters. He re-
sponded that:

Innovation is the life-blood of economic growth and renewal, in fact, it has been
known for decades that the bulk of new economic growth results from the re-
invention and invention of new scientific and technological opportunities.

Mr. Kammen went on to state that “investment in research and develop-
ment is roughly three percent of the gross domestic product and just one-
tenth of the R&D budget goes to the energy sector.” He further provided
the example of solar photovoltaics, which experienced a 50 percent in-
crease in efficiency immediately after an unprecedented $1 billion global
investment in PV R&D from 1978-1985 (Bruno 2009).

Today, the total Federal R&D FY2009 budget is $151.1 billion (an increase
of 4.7 percent above the FY2008 estimate). However, Federal research in-
vestments continue to shrink as a share of the U.S. economy (Koizumi
2009) (Figure 3). This is in contrast to Asian countries (China and South
Korea) that are boosting their investments 10 percent or more annually.

The Administration has begun to focus additional attention on R&D and is
seeking innovative solutions to address the nation’s energy problems. This
focus can be seen in the recent launch of the Advanced Research Projects
Agency-Energy (ARPA-E) program that was initially established in 2007
by the American COMPETES Act (P.L. 110-69).
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Figure 3. Trends in Federal R&D.

ARPA-E was authorized funds in 2007, but those funds were never appro-
priated. Congress later added $400 million from American Recovery and
Reinvestment Act to another $15 million in FY2009 funds to launch the
agency (Stine 2009). This agency was modeled after the Defense Advanced
Research Projects Agency (DARPA). The goals of ARPA-E are to:

1. Enhance the economic and energy security of the United States through
the development of energy technologies that result in reductions of im-
ports of energy from foreign sources; reductions of energy related emis-
sions including greenhouse gases, and improvement in the energy efficien-
cy of all economic sectors

2. Ensure that the United States maintains a technological lead in developing
and deploying advanced energy technologies.

These goals are to be a achieved by identifying and promoting revolutio-
nary advances in fundamental sciences, translating scientific discoveries
into technological innovations, and accelerating transformational technol-
ogical advances in areas that industry might not undertake due to technic-
al and financial uncertainty (USDOE Undated). The initial solicitation for
concept papers for the ARPA-E program were due June 2009 and the DOE
expects to award $150 million of the $415 million FY2009 budget.

The ARPA-E program is modeled after the DARPA program. DARPA was
created as the Advanced Research Projects Agency (ARPA) in February
1958. Its creation was directly attributed to the launching of Sputnik and
to U.S. realization that the Soviet Union had developed the capacity to ra-
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pidly exploit military technology. Additionally, the political and defense
communities recognized the need for a high-level DOD organization to
formulate and execute R&D projects that would expand the frontiers of
technology beyond the immediate and specific requirements of the Mili-
tary Services and their laboratories.

In addition to the ARPA-E program, the administration issued guidance
on 04 August 2009 to all heads of Executive Departments and Agencies,
directing them to prepare their FY2011 budget submissions in such a way
as to shift funds from lower-priority areas to science and technology that
address four practical challenges (White House 2009):

1. Applying science and technology strategies to drive economic recovery, job
creation, and economic growth

2. Promoting innovative energy technologies to reduce dependence on ener-
gy imports, and mitigate the impact of climate-change while creating green
jobs and new businesses

3. Applying biomedical science and information technology to help Ameri-
cans live longer, healthier lives while reducing health care costs

4. Assuring the existence and availability of technologies needed to protect
U.S. troops, citizens, and national interests, including those needed to veri-
fy arms control and nonproliferation agreements essential to our security.

Federal R&D

The FY2009 Federal R&D budget saw an across the board increase for the
first time in 4 years. The total Federal R&D budget for FY09 is $151.1 bil-
lion (4.7 percent increase over FY2008). Figure 4 shows the percentage
increase over the FY2008 budget across Federal agencies. Department of
Energy R&D saw a 21 percent increase in their budget. Although, this is a
positive step forward, it still falls short of the investment that is needed to
achieve “game-changing” energy innovation.

The U.S. percentage of investment based on GDP is less than 1 percent. By
contrast, most Asian countries are investing in government R&D at a rate
of 10 percent annually (Koizumi 200). Figure 3 (p 14) shows R&D invest-
ment trends as a percentage of GDP from 1976-2009. Currently, Defense
R&D makes up 57 percent of the total Federal R&D portfolio in FY2009
appropriations, $86.2 billion (AAAS 2009). Figure 5 shows the Federal
R&D investment trend from 1991-2009 by military service.
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Figure 4. R&D appropriations (FY09).

Figure 5. Trends in DOD R&D FY91-FY09.
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DOD R&D

R&D in the DOD is led by the Director of Defense Research and Engineer-
ing (DDR&E) and reports to the Under Secretary of Defense for Acquisi-
tion, Technology, and Logistics (AT&L). The mission of DDR&E “is to en-
sure that the warfighters today and tomorrow have superior and
affordable technology to support their missions, and to give them revolu-
tionary war winning capabilities” (DDR&E 2009).

The DARPA organization (Figure 6) is of particular note. As discussed pre-
viously, DARPA was the model for the development of the ARPA-E pro-
gram and is considered to be the genesis of many dual-use technologies
that grew out of DARPA'’s ability to take high risks in hopes of high re-
turns. DARPA is the central DOD R&D organization. DARPA's mission is
to maintain the technological superiority of the U.S. military and prevent
technological surprise from harming our national security. DARPA funds
researchers in industry, universities, government laboratories and else-
where to conduct high-risk, high-reward R&D projects that will benefit
U.S. national security. The research runs the gamut of conducting basic,
fundamental scientific investigations in a laboratory setting to building
full-scale prototypes of military systems (DARPA 2009). DARPA is typical-
ly the first organization that many people think of when discussing DOD
R&D. However, DARPA is only a piece of the total DOD R&D community.

Figure 6. DDR&E organization chart.
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First, it is useful to clarify some basic terminology used within the De-
partment of Defense. The DOD uses the terms “R&D” and “Science and
Technology (S&T)” interchangeably, according to a study by Rand Corpo-
ration entitled International Cooperation in Research and Development
(Wagner 1997).

The DOD identifies three distinct budget categories (6.1 Basic Research;
6.2 Applied Research, and 6.3 Development), which in turn correlate with
Office of Management and Budget (OMB) definitions. The DOD refers to
these three categories as “S&T"”:

1. Basic Research. Systematic study to gain knowledge or understanding of
the fundamental aspects of phenomena and of observable facts without
specific applications toward processes or products in mind.

2. Applied Research. Systematic study directed toward greater knowledge or
understanding necessary to determine the means by which a recognized
and specific need may be met.

3. Development. Application of knowledge toward the production of useful
materials, devices, and systems, or methods, including design, develop-
ment, and improvement of prototypes and new processes to meet specific
requirements (Wagner 2009).

In addition, DOD delineates budget categories 6.4-6.7 as testing, evalua-
tion, and design activities and refers to these categories as R&D (Wagner
2009). All seven categories are included within the total Federal R&D
budget.

The DOD has a very large laboratory system, with each service having its
own areas of expertise and research capabilities. In fact, there are 42 Ar-
my, 20 Navy, and four Air Force laboratories (Frank 1993). As a result,
there has been an attempt over the years to coordinate research efforts be-
tween and among the services to avoid duplication of efforts. (Note that
this report focuses on Army R&D organizations.) Examples of U.S. Army
R&D organizations are:

1. U.S. Army Engineer Research and Development Center (ERDC), which
conducts R&D in support of the Soldier, military installations, and the
Corps of Engineers civil works mission, as well as for other Federal agen-
cies and state and municipal authorities, and with U.S. industry — through
innovative work agreements (Figure 7).
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Figure 7. ERDC organization chart.
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The ERDC synergistically addresses R&D through the capabilities of
seven laboratories: Construction Engineering Research Laboratory in
Champaign, IL; Cold Regions Research and Engineering Laboratory in
Hanover, NH; Topographic Engineering Center in Alexandria, VA; and
the Coastal and Hydraulics, Geotechnical and Structures, Environmen-
tal, and Information Technology Laboratories in Vicksburg, MS, in four
major areas:

a. Military Engineering

b. Geospatial Research and Engineering

c. Environmental Quality/Installations; and

d. Civil Works/Water Resources.

. U.S. Army, Research, Development, and Engineering Command
(RDECOM), which was established to provide a full spectrum of basic re-
search, development, and engineering, and analysis of Warfighter systems
from concept to capability.

RDECOM consists of 10 organizations, one of which is the Tank Auto-
motive Research, Development, and Engineering Center (TARDEC).
TARDEC’s mission is to research, develop, engineer, leverage, and in-
tegrate advanced technology into ground systems and support equip-
ment throughout the life cycle. A sub-component to TARDEC is the
National Automotive Center, which serves as a conduit between gov-
ernment, industry, and academia to identify dual-use technologies to
accelerate commercialization opportunities.

TARDEC/NAC is primarily focused on R&D 6.3 and above. The close
working relationships with industry help to identify dual-use technolo-
gies (technologies with both a military and commercial use) and enable
demonstrations on fixed installations. TARDEC has expanded its en-
gagement with ERDC-CERL to enable both infrastructure and trans-
portation opportunities, to satisfy its charter, and to leverage the ener-
gy connection in meeting installation requirements.

. U.S. Army Rapid Equipping Force, which equips operational command-
ers with commercial-off-the-shelf and government off-the-shelf solutions
to increase effectiveness and reduce risk, insert future force technolo-

gies, ... validate concepts, and speed capabilities to the soldiers (U.S. Army
2009).

The Rapid Equipping Force was established to rapidly respond to sol-
dier requirements with a focus on emerging and COTS technologies
that enhance survivability, improve force protection and increase le-
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thality. An example of REF’s efforts was a FY08 Joint Capability Tech-
nology Demonstration (JCTD) entitled Net Zero Plus. The purpose of
JCTD’s is to find, demonstrate, transition, and transfer the best opera-
tional capabilities to the warfighter.

The purpose of the Net Zero Plus JCTD was to leverage energy technol-
ogies to provide efficient structures, alternative/renewable power gen-
eration and smart distribution systems for Forward Operating Bases. A
multitude of technologies are being demonstrated and evaluated for
rapid deployment including spray foaming tents, monolithic domes
with renewable energy sources, a tactical garbage-to-energy refinery
and microgrid technologies.

These examples were chosen to show the breadth and depth of R&D within
the Army focusing not only on the warfighter, but also on installations. All
three organizations work closely with the end-user, whether an installation
or a Soldier, to ensure that R&D aligns with needs and requirements and
identifies a commercialization path for relevant technology.

Case studies will be presented later in this report on ERDC’s Residential
Hydrogen Fuel Cell Demonstration, RDECOM/TARDEC’s PEM Hydrogen
Fuel Cell Demonstration, and Mobile Encampment Waste to Electrical
Power System Demonstration (MEWEPS). These case studies provide a
look into the demonstration of pre-commercial clean energy technologies
and the resulting outcomes.

RDECOM ORGANIZATION

Deputy Chief of Staff Executive
Commanding Deputy to the

General Secretary of the Commander
General Staff
Special Staff

General Staff

ARL AMRDEC ARDEC NSRDEC TARDEC

Army Aviatian Armament mmunizatio 2 Natick Tank
Aesearch & Misslie REesaanh, Electronics Tibc: Soltler £ Automotive
Laboratory Reseanch, Deveiopment Research, Blakogic Research, Technoiog Research,

Development & Engineering Developmeni Cen Development Cent Developmeni
& Engineening Center & Engineering & Engingering & Engineering
Center Center Center Canter

Figure 8. RDECOM organization chart.
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Technology Readiness

A Technology Readiness Level (TRL) is a measure of the “maturity” of new
technologies and an assessment of when they will be ready for incorpora-
tion into a developed system. The concept of the “TRL” originated with the
National Aeronautics and Space Administration (NASA), but the DOD has
established its own TRLs for hardware, software, and manufacturing. Ta-
ble 1 lists TRLs for hardware, including definitions, descriptions, and sup-
porting information. A TRL calculator may be downloaded from the De-
fense Acquisition University (Acquisition Community Connection 2009).

Table 3. DOD technology readiness levels.

TRL

Definition

Description

Supporting Information

Basic principals
observed and re-
ported

Lowest level of technology
readiness. Scientific research
begins to be translated into
applied R&D. Examples might
include paper studies of a
technology’s basic properties.

Published research that identifies
the principles that underlie this
technology. References to who,
where, when.

Technology concept
and/or application
formulated

Invention begins. Once basic
principles are observed, prac-
tical applications can be in-
vented. Applications are spe-
culative, and there may be no
proof or detailed analysis to
support the assumptions. Ex-
amples are limited to analytic
studies.

Publications or other references
that outline the application being
considered and that provide analy-
sis to support the concept.

Analytical and ex-
perimental critical
function and/or
characteristic proof
of concept

Active R&D is initiated. This
includes analytical studies
and laboratory studies to
physically validate the analyti-
cal predictions of separate
elements of the technology.
Examples include components
that are not yet integrated or
representative.

Results of laboratory tests per-
formed to measure parameters of
interest and comparison to analyti-
cal predictions for critical subsys-
tems. References to who, where,
and when these tests and compari-
sons were performed.

Component and/or
breadboard valida-
tion in a laboratory
environment

Basic technological compo-
nents are integrated to estab-
lish that they will work togeth-
er. This is relatively “low
fidelity” compared with the
eventual systems. Examples
include integration of “ad hoc”
hardware in the laboratory.

System concepts that have been
considered and results from testing
laboratory-scale breadboard(s).
References to who did this work
and when. Provide an estimate of
how breadboard hardware and test
results differ from the expected sys-
tem goals.
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TRL Definition Description Supporting Information

5 |Component and/or |Fidelity of breadboard tech- Results from testing a laboratory
breadboard valida- |nology increases significantly. |breadboard system are integrated
tion in a relevant The basic technological com- |with other supporting elements in a
environment ponents are integrated with simulated operational environment.

reasonably realistic support- |How does the “relevant environ-
ing elements so they can be |ment” differ from the expected op-
tested in a simulated envi- erational environment? How do the
ronment. Examples include test results compare with expecta-
“high fidelity” laboratory inte- [tions? What problems, if any, were
gration of components. encountered? Was the breadboard
system refined to more nearly
match he expected system goals?

6 |System/subsystem |Representative model or pro- |Results from laboratory testing of a
model or prototype |totype system, which is well prototype system that is near the
demonstration in a |beyond that of TRL5, is tested |desired configuration in terms of
relevant environ- in a relevant environment. performance, weight, and volume.
ment Represents a major step up in |How did the test environment differ

a technology’s demonstrated |from the operational environment?

readiness. Examples include |Who performed the tests? How did

testing a prototype in a high  |the test compare with expecta-

fidelity laboratory environment |tions? What problems, if any, were

or in a simulated operational |encountered? What are/were the

environment. plans, options, or actions to resolve
problems before moving the next
level?

7 |System prototype |Prototype near or at planned |Results from testing a prototype
demonstration in operational system. system in an operational environ-
an operational envi- |Represents a major step up ment. Who performed the tests?
ronment from TRL6 by requiring dem- |How did the test compare with ex-

onstration of an actual system |pectations? What problems, if any,
prototype in an operational were encountered? What are/were
environment (e.g., In an air- the plans, options, or actions to
craft, in a vehicle, or in resolve problems before moving to
space). Examples include test- |the next level?

ing the prototype in a test bed

aircraft.

8 |Actual system com- |Technology has been proven |Results of testing the system in its
pleted and qualified |to work in its final form and final configuration under the ex-
through test and under expected conditions. In |pected range of environmental con-
demonstration almost all cases, this TRL ditions in which it will be expected

represents the end of true to operate. Assessment of whether
system development. Exam-  |it will meet its operational require-
ples include developmental ments. What problems, if any, were
test and evaluation of the sys- |encountered? What are/were the
tem in its intended weapon plans, options, or actions to resolve
system to determine if it problems before finalizing the de-
meets design specifications. |sign?

9 |Actual system prov- |Actual application of the tech- |OT&E reports.
en through suc- nology in its final form and
cessful mission under mission conditions,
operations such as those encountered in

operational test and evalua-
tion (OT&E). Examples include
using the system under opera-
tional mission conditions.




ERDC/CERL TR-10-13

24

The DOD requires all acquisition programs to have a formal Technology
Readiness Assessment (TRA) at Milestone B and Milestone C. The TRA is
a formal, systematic, metrics based process and accompanying report that
assesses the maturity of critical hardware and software technologies. A
formal TRA is required under DOD Instruction 5000.02 and the (AT&L)
Memorandum on Transition of the Defense Space Acquisition Board
(DASB) into the Defense Acquisition Board (DOD 2009). If a specific mili-
tary application is identified for a technology, it follows the Defense Acqui-
sition Process.

This process is very similar to the Commercialization process in that key
milestones must be met to progress to the next level. Milestone B criteria
is met when a technology has completed proof of concept and laboratory
testing, and is moving into the prototype demonstration in a relevant envi-
ronment. With each milestone achievement of the technology, there is the
possibility of sustained development funding and the end goal of produc-
tion, fielding, and sustainment within the DOD. Figure 9 shows a repre-
sentation of the Defense Acquisition Management System. Combining the
disciplined process of military acquisition with the commercialization
process required by industry, on installations, is key to the idea of using
the living laboratory concept.

However, TRLs can and should be used to assist in the determination of
technology maturity even if the technology will not be entering the DOD
acquisition process. Assessing the TRL of a given technology is helpful in
establishing expectations of a technology and pursing the development of
a technology with eyes wide open. Often emerging energy technologies re-
ceive negative feedback because they are “sold” as mature/commercial
when they are actually still in the development phase. Using the TRL list
provides an objective set of metrics against which a technology may be
measured.

As mentioned previously, it is often difficult to determine what a commer-
cial technology is and what is still pre-commercial/developmental. To as-
sist installations make this determination, a Preliminary Technology As-
sessment Checklist has been developed that helps gather necessary
information about the company and the technology, and that provides the
appropriate questions to ask to determine the approximate TRL.
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Figure 9. Defense Acquisition Management System.

Appendix A to this report includes the Preliminary Technology Readiness
Checklist, which can be used any time a new technology is proposed. The
gathered information may be shared with others within the organization
and the R&D community. The key to advancing technology is to reduce the
number of “false starts,” which happen when technologies are sold as
commercial when they are clearly still in development. Such false starts
can negatively impact the overarching technology in a way that may take
years to overcome. Neither the Warfighter nor the installation can afford
false starts. It is absolutely necessary to accurately assess technology rea-
diness.
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5 Commercialization

The term “commercial,” or “Commercial Off-the-Shelf (COTS)” refers to
items (other than real property) that are of a type customarily used for
nongovernmental purposes, and that have been sold, leased, or licensed to
the general public. COTS are commercial items that require no unique
government modifications or maintenance over the life cycle of the prod-
uct to meet the needs of the procuring agency (U.S. Defense Acquisition
University 2005). COTS technologies are typically available through the
General Services Administration (GSA) and have warranties and service
agreements. Pre-commercial technologies, on the other hand, do not offer
warranties, are not mass produced, and often have a limited operational
life.

Since the benefit of an invention cannot be realized until it is commercia-
lized, there is a necessary emphasis on transferring technology from R&D
to the commercial market. This can sometimes be more difficult than one
would think, particularly within the area of clean energy.

The transition of clean energy technology into the market can often be
more difficult because clean energy is seen as a “disruptive technology,”
which offer(s) a different value proposition. “Many of these new markets
must be created and developed, while attempting to sell in existing mar-
kets where the entrenched competition is fierce and may have an unfair
market advantage ...” (Alderfer, Eldridge, and Starrs 2000).

Figure 10 shows the typical commercialization path overlaid with cashflow
versus sales and the types of funding required at each level. The “Valley of
Death” occurs for most companies when attempting to take a technology
from R&D to market. It is during this period that cashflow is limited and
sales have not yet begun. This is the area in which DOD can play a signifi-
cant role in the commercialization process.

Not only can public funding be provided to conduct demonstrations of the
technology, but the government may, in some cases, be in a position to be
become an early adopter by making a significant first buy of the technolo-
gy. This type of DOD involvement can encourage private investment be-
cause the DOD (and government in general) is able to assume a higher
amount of risk than is the private sector.
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Figure 10. Commercialization process.

Figure 10 above also shows the categories of adopters from “Innovators” to
“Laggards” and the curve at which innovation is adopted by each category.
This is important to understand so that a solid business strategy can be
established. The Diffusion of Innovation (Rogers 1995), categorizes “adop-
ters” into five specific areas:

1. Innovators. Innovators are the first individuals to adopt an innovation.
Innovators are willing to take risks, are youngest in age, have the highest
social class, have great financial lucidity, are very social, and have closest
contact to scientific sources, and interact with other innovators.

2. Early Adopters. Early Adopters are individuals who adopt an innovation
after a short wait. These individuals have the highest degree of opinion
leadership among the other adopter categories. Early adopters are typically
younger in age, have a higher social status, have more financial lucidity,
have advanced education, and are more socially forward than late adop-
ters.

3. Early Majority. The Early Majority adopt an innovation after a varying
degree of time. This time of adoption is significantly longer than the inno-
vators and early adopters. The Early Majority tends to be slower in the



ERDC/CERL TR-10-13

28

adoption process, has above average social status, has contact with early
adopters, and shows some opinion leadership.

4. Late Majority. Individuals in the Late Majority will adopt an innovation
after the average member of the society. These individuals approach an in-
novation with a high degree of skepticism and after the majority of society
has adopted the innovation. Late Majority are typically skeptical about an
innovation, have below average social status, have very little financial lu-
cidity, are in contact with others in late majority and early majority, and
show very little opinion leadership.

5. Laggards. Laggards are the last to adopt an innovation. Unlike some of
the previous categories, individuals in this category show little to no opi-
nion leadership. These individuals typically have an aversion to change-
agents and tend to be advanced in age. Laggards typically tend to be fo-
cused on “traditions,” have lowest social status, have lowest financial fluid-
ity, are the oldest of all other adopters, are in contact with only family and
close friends, and display very little to no opinion leadership.

The DOD is seen as a potential “Early-Adopter” because of government’s
ability to assume a greater level of risk and has the highest level of “opi-
nion leadership” with the ability to communicate and persuade others to
adopt a particular technology. However, in addition to the adopter catego-
ries is a set of innovation characteristics that determine the rate of diffu-
sion. Rogers identifies these five characteristics as:

1. Relative Advantage. Degree to which an innovation is perceived as bet-
ter than the idea it supersedes.

2. Compatibility. Degree to which an innovation is perceived as being con-
sistent with the existing values, past experiences and needs of potential
adopters.

3. Complexity. Degree to which an innovation is perceived as difficult to
understand and use.

4. Trialability. Degree to which an innovation may be experimented with
on a limited basis.

5. Observability. Degree to which the results of an innovation are visible to
others.

When conducting demonstrations of clean energy technologies on military
installations, all five of these characteristics have an opportunity to
present themselves. However, the primary purpose of a demonstration is
to allow potential users to try a new technology within a controlled, safe
environment and to observe first hand its operation and ability to fit with-
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in existing systems. Demonstrations are a vital component to commercia-
lization and the overall rate of diffusion.

The potential impact on a market in which a technology is demonstrated
and then is embraced by early-adopters is evident in a 2008 report pub-
lished by Oak Ridge National Laboratory entitled Bootstrapping a Sus-
tainable North American PEM Fuel Cell Industry: Could a Federal Acqui-
sition Program Make a Difference? PEM fuel cells for back-up electric
power are viewed as a near term market with the second near term market
for fuel cells being material handling equipment. However, the rate at
which the PEM fuel cell industry can achieve significant market penetra-
tion will impact the overall future of their industry. Therefore, the premise
of the ORNL report was that the Federal government should take imme-
diate action to make large scale purchases (up to 2000 units per year) of
PEM fuel cells; thereby helping to increase the production volumes and
lower costs (Greene and Duleep 2008).

Greene and Duleep present findings that estimate that the Federal back-up
power market is nearly 20,000 units, approximately 75 percent of which
could be replaced with fuel cells. Table 4 lists back-up power needs by
Federal government market/application by agency and size (Mahadevan et
al. 2007).

Table 4. Federal Backup power fuel cell applications by agency and size.
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At the time of this writing, the Department of Energy, Market Transforma-
tion Office and the Department of Defense are working together to identify
military installations for a large purchase of back-up power fuel cells. This
is the next logical step considering the considerable support the DOD has
provided to the PEM Fuel Cell market conducting large scale demonstra-
tions and now working towards a large scale purchase and installation of
the commercial fuel cell product. This type of program has the potential to
significantly impact the commercial market and accelerate the overall rate
of adoption of PEM fuel cells.

Historically, technologies were developed for the military and then “com-
mercial” applications were identified and spun off. That is not always the
case anymore. The DOD is more commonly looking towards commercial
products that can meet their needs without altering the product to meet
military standards. This is an important point since DOD can now better
align its needs with those of the commercial market and work in concert
with private industry to develop technologies that will address a commer-
cial market need and also fit a DOD application.

In addition, a new technology that may be created by a DOD laboratory or
demonstrated on an installation may not address a specific “Defense” re-
guirement, but may address a more broad commercial need. Collaboration
with the DOD can be helpful when private companies are searching for
additional investment dollars. The private investment community looks at
a business’ potential market base; and potential significant first-buys by
the DOD can assist in securing private funding in the future. However, a
company must be careful to diversify their funding and find several possi-
ble customers because too heavy a reliance on public funding may send a
message to the private investment community that a company is not se-
rious about commercialization and is stuck in the R&D world.

Not all companies created equal

The discussion of technology “commercialization” is often (but not always)
associated with a start-up company. Start-up companies are different from
established companies, which have an R&D budget, cash-flow, and estab-
lished business practices that may make the commercialization of a tech-
nology slightly easier. Consequently, start-up companies sometimes face
the additional challenges of general business development along with the
commercialization of a particular technology.
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The distinction is an important one to help the installation evaluate and
establish realistic expectations for the technology. Start-up companies are
more likely to fail in their commercialization efforts because they are at-
tempting to cross over from the R&D phase to product commercialization
while establishing its business practices and financing at the same time.

Many technically sound new technologies come from the laboratories and
require the application of an additional level of business expertise to take
them from the laboratory to market. Suppose, for example, a scientist who
had never established nor run a business, were to discovers a new energy
storage medium. The energy storage medium could well remain “undisco-
vered” because the technical subject matter expert was unable to navigate
the business world.

With this is mind, it is important to understand the business that you are
working with. Technology start-up companies should be encouraged to
grow and prosper, with the applied systems integration offered by focusing
on military applications. The number of tools available to military R&D
organizations, to foster this development, are readily available and are il-
luminated later in this report.

Government is typically encouraged not to pick “winners and losers,” but
on the other hand, government should understand business development,
how the private sector conducts business, and how companies can best
work collaboratively with government to achieve mutual goals.

The report Transitioning to Private-Sector Financing: Characteristics of
Success (Murphy, Brokaw, and Boyle 2002) discusses how the private and
public sector could best work together by understanding and leveraging
appropriate resources. The report raised the concern that a private com-
pany that relies too heavily on public sector financing can in fact hurt their
chances to receive private sector financing because the private investor
may assume the company is more interested in “playing in the R&D sand-
box” than in taking a market-focused approach to business development
and commercialization. It is also important for a particular company to
assess where it is, and where it needs to be for private investors to take an
interest (Table 5). Table 6 lists the gaps that exist between a start-up com-
pany and investor “wants” when looking to invest.
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Table 5. Qualifying requirements for the next round of financing.

Technology Creation

Financing Round | Wha Typically Plays Typical Qualifying Key
Requirements for Processes
_ = Mext Round i
Bootstrapping Entreprensur Exciting technology concepd, linked | =  Rassarch
Conceplt Generaticn 1o a market need L] mmwn
Applications identified * Marketing |
Pre-Sesd: Parsonal | Public Key patents applied for/secured *  Development
Technology Suppart (e.q. Technical feasibility and nibal *  Engnosnng
Davelopment DOEATP commercial feasihility with = Marketing
ISBIR/States) proftotypes demanstrated
A plan tor laking the busmess
forward is available
Substantial market need guantified
and com identified

Table 6. Enterprise development gaps as seen in many entrepreneurial
clean energy companies.

How private industry works with the DOD

There are several ways in which private companies can work with the DOD
to develop and demonstrate their technologies. The most three most
common mechanisms are the Cooperative Research and Development
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Agreement (CRADA), Small Business Innovation Research, Small Busi-
ness Technology Transfer (STTR):

1. ACRADA is an agreement established between Federal laboratories and
commercial, academic, or non-profit partners to facilitate technology
transfer between the parties for mutual benefit. Under a CRADA, the part-
ner may contribute resources such as personnel, services, property, and
funding to the effort. The government can contribute all the above, except
funding.

2. The DOD SBIR program, funded at approximately $1.14 billion in FY
2008, is made up of 12 participating components: Army, Navy, Air Force,
Missile Defense Agency (MDA), Defense Advanced Research Projects
Agency (DARPA), Chemical Biological Defense (CBD), Special Operations
Command (SOCOM), Defense Threat Reduction Agency (DTRA), National
Geospatial-Intelligence Agency (NGA), Defense Logistics Agency (DLA),
Defense Microelectronics Activity (DMEA), and the Office of Secretary of
Defense (OSD). The SBIR program funds early-stage R&D at small tech-
nology companies and is designed to:

a. stimulate technological innovation

b. increase private sector commercialization of Federal R&D

c. increase small business participation in Federally funded R&D

d. foster participation by minority and disadvantaged firms in technologi-
cal innovation.

3. The DOD STTR program, funded at approximately $132 million in FY
2008, is made up of six participating components: Army, Navy, Air Force,
Missile Defense Agency (MDA), Defense Advanced Research Projects
Agency (DARPA), and the Office of Secretary of Defense (OSD). In 1992,
Congress established the STTR pilot program. STTR is similar in structure
to SBIR, but funds cooperative R&D projects involving a small business
and a research institution (i.e., university, Federally-funded R&D center,
or nonprofit research institution). The purpose of STTR is to create, for the
first time, an effective vehicle for moving ideas from our nation's research
institutions to the market, where they can benefit both private sector and
military customers.

In addition to these three programs, some private companies may receive
“Congressional Adds (Earmarks),” grants or other funds made available
through a competitive Request for Proposal process that provide funding
to conduct R&D or demonstrations on DOD installations.
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6 DOD Installations as “Living

Laboratories”

The premise of this work is that DOD offers a unique opportunity to bridge
the gap between R&D and commercialization by offering both R&D (basic,

applied, development), and also demonstration of new technologies on in-

stallations, thereby creating the potential for installations to become early

first adopters of the technology.

DOD installations are secure “cities,” which must address issues related to
growth, utilities, solid waste management, facilities, transportation, envi-
ronment, security, etc. As a result, they offer a unique opportunity to serve
as a “living laboratory” for emerging energy technologies because they are
secure and controlled environments, in which soldiers/civilians are availa-
ble to assist in demonstrations and provide critical feedback on technolo-
gy. This type of controlled demonstration is important for the acceleration
of clean energy commercialization because the technology provider can
obtain real-world feedback on a technology’s operation, maintenance, and
applicability.

However, it is important for installations to realize that the role they fill as
a “living laboratories” requires full participation and feedback, and implies
an understanding that a technology being demonstrated may not always
operate as intended; this is a part of the process. Installations must also
understand that, depending on the TRL, some technologies may be able to
remain in place after the demonstration, and others may be removed from
the installation for further development based on what is learned during
the demonstration.

First steps to a demonstration

Early buy-in by partners at the installation is absolutely necessary for a
successful demonstration. When a technology provider or even an Army
Laboratory approaches an installation with a request to use the location as
a host site for a technology demonstration, it is important for the reques-
tor to clearly understand and state the mission of the installation, and to
state how the proposed demonstration will or will not impact that mission.
An Army installation is much like a city; it has a formal approval
process/structure that must be followed. The requestor must fully brief the
Base Commander, who must grant approval of the demonstration. The re-
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guestor must also brief and request approval from these other organiza-
tions:

1. Department of Public Works
Energy Manager/Office
Environmental

Fleet Management

Security

Real Property

Contracting.

No akrwd

The requestor should also:

1. Conduct an assessment be to determine the best location for the demon-
stration and to establish any known baseline by which to compare the new
technology

2. Initiate Environmental Impact Assessments (EIA) and Environmental
Impact Statements (EIS) and any necessary permitting as soon as possible

3. Verify who can work on base (U.S. Citizens; non-citizens must be escorted
at all times)

4. Establish the installation’s requirements regarding type of contractor
badges, vehicle passes, and normal working hours of the soldiers/civilians
that will work with the demonstration.

5. Determine the type of support the installation can and will provide, such as
heavy equipment, maintenance bays, tools, etc.

10 tips for conducting a successful demonstration

The following “tips” for conducting a successful demonstration can help
technology providers prevent common problems:

1. Establish early buy-in from the installation-including leadership and sol-
diers/civilians assisting with the project

2. Ensure demonstration does not negatively impact the installation’s mis-
sion or negatively impact the soldiers/civilians carrying out their normal
duties

3. Establish the Team and put in place a communication plan to keep all par-
ties informed throughout the process

4. ldentify all necessary permitting and develop a schedule

5. Establish Standard Operating Procedures and Emergency Response Pro-
cedures

6. Coordinate with technology vendor for data collection and feedback on the
operation of the technology
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7. Provide appropriate training to installation personnel on the technology

8. Coordinate with the technology provider and installation for appropriate
public information releases (press releases, tours, reports, etc.)

9. Provide regular status briefings and a final wrap-up meeting

10. Provide a final wrap-up briefing on the project and publish/share learning
with other installations.

What the installation needs to know

Technology providers should be prepared to answer the following ques-
tions to quickly address installations’ needs and concerns:

1. What are the benefits of the technology to the installation?

2. Has this technology been demonstrated before and where?

3. What are the objectives of the demonstration?

4. What resources will be provided to the installation to assist with the im-
plementation of the demonstration?

5. What resources will the installation be asked to provide? Personnel, utili-
ties, property, etc.?

6. What agreements need to be in place? CRADA, Memorandum of Agree-

ment, Lease, etc.?

How long will the demonstration period last?

What hardware will be brought onto the installation?

What are the environmental impacts of the technology?

10. What is the return on investment for the technology, today and in the fu-
ture?

11. What is the plan for disposition on completion of the demonstration? Is
there a useful life to the technology and/or funding available to continue
the demonstration beyond the initial demonstration?

12. What opportunities are there for future technology insertions?

© o N

What the technology provider needs to know

Before initiating a technology demonstration on an installation, technolo-
gy providers should research (or ask the installation POC) the following
guestions:

1. What is the chain of command on the installation?

2. Will they work directly with the installation or a tenant on the installation?

3. Who are the decision makers and what agreements need to be in place?

4. What is government owned/operated and what is privately
owned/operated?

5. What is the established energy (electrical, thermal, and gallons) baseline?
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6. What is the cost of energy?
7. What are local community preferences and biases toward specific energy
technologies?

Establishing DOD living laboratories

A novel approach to link R&D with potential customers and further accele-
rate the commercialization of technologies would be to establish a series of
DOD Living Laboratories that would be identified in varying regions of the
country (based on climates and energy resource availability, e.g., solar
gain, biomass, geothermal, etc.) and varying missions (e.g., projection,
training, etc.). These installations would agree to host demonstrations of
emerging clean energy technologies and provide detailed feedback to the
technology provider. This “one-stop-shop” approach to installation dem-
onstrations would be facilitated by establishing:

e draft Memorandum of Understanding

e one-page checklist for permitting (streamlined permitting process)

e demonstration location with basic utilities available

e list of relevant points of contacts (energy manager, fleet manager, De-
partment of Public Works, Environmental, etc.)

e clear understanding of installation chain of command and decision-
making process.

Fixed installations offer a unique opportunity to demonstrate a technology
that may one day become commercial and be implemented at the installa-
tion. However, fixed installations, particularly installations with a training
mission and with mock forward operating bases may offer an opportunity
to demonstrate emerging technologies that may be applicable to deploya-
ble applications.

A technology should never be deployed before undergoing a comprehen-
sive evaluation and acquisition process. Installations such as the National
Training Center at Fort Irwin, CA offer the ability to test various technolo-
gies that may one day be used in theatre. While the demonstrations are
ongoing, the soldiers in training may become familiarized with the tech-
nology and may sometimes be trained on its use. This approach is consis-
tent with the “train as we fight” concept. The soldiers should not be sur-
prised by the technology in the field. Rather they should be knowledgeable
of commercial and even emerging technologies that may be presented to
them in theatre. For example, Case Study #3 (in Chapter 3, p 42) discusses
a demonstration conducted at the Michigan National Guard Forward Op-
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erating Base in Camp Grayling, MI. The demonstration offered unique in-
sight into the way the technology would operate if placed in its intended
deployable application. This demonstration identified several areas for
improvement before the technology continued on to military hardening
and eventual deployment into theatre.
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7 Case Studies

Case Study #1: DOD PEM fuel cell demonstration

Background

Between FYOl and FY04, ERDC-CERL conducted a DOD Residential Pro-
ton Exchange Membrane (PEM) fuel cell demonstration at DOD installa-

tions and DOD-related facilities (Figure 11). The objectives of the demon-

stration were to:

1.

Assess the role of PEM fuel cells in support of DOD’s training, readiness,
mobilization, and sustainability missions

Assess fuel cells’ role in supporting sustainable military installations
Increase DOD’s ability to more efficiently construct, operate, and maintain
its installations

Provide operational testing and validation of the fuel cell product to assess
installation, grid interconnection, operation of systems in all seasonal con-
ditions, and integration of units into an existing military base environment
Provide a technology demonstration site for a military base market
Stimulate growth in the distributed generation/fuel cell industry.

FY01-FY04 Residential PEMFC
Project Sites

91 Fuel Cells
56 Sites
5 Manufacturers

Miher ITORUT Billes
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Figure 11. PEM fuel demonstration sites.
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Keys to success

This project’s success was greatly enhanced by:

e communication and coordination with demonstration site personnel
e the feedback loop between the demonstration site and technology pro-
vider

Lessons learned

The following valuable information was elicited during the demonstration:

e There is avital need for a strong, reliable communication system with
the fuel cell power plant to minimize downtime and avoid the cost of a
technician on-site.

e PEM fuel cells are able to achieve a minimum 90 percent availability
requirement.

e Back-up power is a viable DOD application for PEM fuel cells (specifi-
cally direct hydrogen fuel cells and cogeneration fuel cells systems that
have a greater overall efficiency).

Accomplishments

The DOD PEM fuel cell demonstration program successfully:

e demonstrated 91 fuel cells at 56 sites
e provided valuable feedback to technology providers
e contributed to the technological advancement of PEM Fuel Cells.

Benefits

Largely due to the early demonstrations performed by ERDC/CERL, PEM
fuel cells are now available for purchase through the General Services Ad-
ministration. Although PEM fuel cells have passed the R&D phase, they
must now achieve market penetration.

Case Study #2 NM National Guard Fuel Cell Demonstration
Background

The U.S. Army, TARDEC received a $1.1 million FYO7 Defense appropria-
tion for the demonstration of hydrogen fuel cells at the New Mexico Na-
tional Guard (Figure 12). TARDEC partnered with the New Mexico Na-
tional Guard to install and demonstrate 20 (5 kW) hydrogen fuel cells for
emergency back-up power.
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Figure 12. New Mexico National Guard Headquarters, Santa Fe, NM.

The demonstration ran from March 2008 to August 2009. After the dem-
onstration, the fuel cells were left in place with a service agreement
through December 2010. After December 2010, the New Mexico National
Guard will be responsible for the continued support and maintenance of
the fuel cells. Fuel cells were installed at five locations:

a ks

U.S. Property and Fiscal Office Building
Private Branch Exchange
Headquarters Building

Army Aviation Support Facility

Rio Rancho Armory.

Keys to success

This project’s success was greatly enhanced by:

buy-in from leadership

coordination and collaboration with New Mexico National Guard per-
sonnel

training of National Guard personnel on operation and general main-
tenance of the fuel cells

local service providers (perform service calls and hydrogen refueling).
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Lessons learned

The following valuable information was elicited during the demonstration:

e Maintain communication among partners (critical).

e Establish a project schedule and share with partners throughout the
project.

e Plan for disposition and/or sustainment of equipment after the dem-
onstration.

e Early involvement with the state fire marshal for siting of the fuel cells.

Accomplishments

The NM National Guard Fuel Cell Demonstration successfully:

e increased reliability (six service calls per year reduced to 1.3 calls per
year)

e supported electrical load at the Santa Fe Army Aviation Support Facili-
ty during a 15-hr grid outage

o performed self-test diagnostics every 28 days for the duration of the
demonstration

e completed extended testing.

Benefits

The New Mexico National Guard now has clean, reliable, and secure emer-
gency back-up power. New Mexico National Guard personnel have re-
ceived fuel cell training on the operation and maintenance of the fuel cells.
Unexpected benefits included an opportunity for the New Mexico National
Guard to identify critical energy needs and map electrical lines within the
facilities.

Case Study #3 MEWEPS Demonstration
Background

The U.S. Army TARDEC contracted with ARINC, Next Energy Center and
Community Power Corporation to develop and demonstrate a Mobile En-
campment Waste to Electrical Power System (MEWEPS, see Figure 13)
that would accept up to 2500 Ib of military encampment waste per day to
produce gas that would run a 60kW Tactical Quiet Generator (TQG). The
system was to be contained in two ISO containers and capable of being
transported and torn down/setup within 24 hrs and most importantly
demonstrate a reduction in JP-8 and/or diesel consumption.
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winl .
Figure 13. MEWEPS- Camp Grayling, MI, South FOB.

MEWEPS was designed, developed, and demonstrated both in a laborato-
ry setting and then in the field. Each year the Michigan National Guard
conducts annual trainings at the Camp Grayling Forward Operating Base
(FOB). This FOB is set up to represent a deployed FOB and as a result was
the perfect location for MEWEPS to be demonstrated. MEWEPS was dem-
onstrated during the Michigan National Guard Annual Training at the
FOB. Waste was collected and separated into paper, fiberboard, plastic,
and some food. The system consisted of a Feedstock Processing Module
(FPM) and a Gas Production Module (GPM). The waste was placed into an
opening that dropped into a compactor to be sent through a shredder.
Once the waste was shredded, it was delivered to a mixer that combined
the material and added the necessary amount of moisture required to
process the material into pellets. The pellets were then vacuum fed to the
GPM that dropped the pellets into a downdraft gasifier that created pro-
ducer gas, which was then used in a 60kW Tactical Quiet Generator. The
power generated from the TQG was used in a 3HP water pump for troop
showers and the remaining power went to a load bank. The MEWEPS is
currently being transferred to Natick Soldier Center for further develop-
ment and possible military acquisition.

Keys to success

This project’s success was greatly enhanced by:

e Buy in from leadership
e Support of Michigan National Guard personnel
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Lessons learned

The following valuable information was elicited during the demonstration:

e Match production with load to ensure proper electricity utilization.

Accomplishments

The MEWEPS demonstration successfully:

e achieved its goal of tear-down/set-up within 24 hrs

e achieved operation of the MEWEPS for 544 hrs (NextEnergy Center
and Camp Grayling)

e achieved emission levels well under the Michigan Environmental Qual-
ity (MEDQ) Permit To Install (PTI) limits.

Benefits

The MEWEPS demonstration showed that the technology could:

e Minimize solid waste disposal
e Displace petroleum.



ERDC/CERL TR-10-13 45

8 Conclusion and Recommendation

Without military R&D efforts, innovation to meet challenging energy and
environmental goals is unlikely to pay off in time to satisfy those goals;
and without commercialization, innovation will be more costly and less
effective in the private sector. The vital link between military R&D and
commercialization should be reinforced, and efforts taken to strengthen
communication and coordination between the R&D community and the
commercial market. DOD is uniquely positioned to bridge the gap between
R&D and commercialization by implementing the concept of DOD instal-
lations as “living laboratories.”

DOD missions, accomplishments, the environment, energy security, and
quality of life — all depend on leveraging R&D resources and focus while
encouraging industry to partner with military installations. This work re-
commends that DOD coordinate with other Federal agencies and work
with technology providers to develop technologies that have both a mili-
tary and commercial use, and to establish a streamlined and coordinated
set of “living laboratories” to demonstrate those emerging technologies.
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